INTRODUCTION
Environmental pollution from intensive poultry farming is primarily associated with excretion of un-utilized mineral compounds like phytate phosphorus (PP) (Paik, 2000) . The phosphoric acid chelates several essential minerals like Ca, Cu, Zn, Fe, etc. in cereals and oilseed byproducts (Kornegay et al., 1996) , thereby inhibiting their availability to chickens resulting in their excretion into the environment. Cholecalciferol (CC) enhances utilization of PP by increasing synthesis or activity of intestinal phytase (Shafey et al., 1991) , increasing phytate hydrolysis (Mohamed et al., 1991; Biehl and Baker, 1997; Qian et al., 1997) and increasing absorption of Ca and P (Wasserman and Taylor, CC in diet. Since, the cost (per unit of diet) of synthetic CC ($0.03/ton) is less than that of supplemental P as dicalcium phosphate ($6.67/ton), reducing P and Ca levels in diet by increasing levels of CC would reduce the cost of feed considerably besides reducing the P pollution from the intensive poultry operations. Therefore, in the present study, an attempt was made to study the possibility of reducing dietary levels of P and Ca in broiler starter diet by increasing the levels of supplemental CC in the diet.
MATERIALS AND METHODS

Birds and management
Five hundred and sixty commercial day-old Vencobb female broiler chicks were wing banded on day one and randomly distributed into 112-raised wire floor battery brooder pens. The battery brooders were made up of stainless steel in vertical three tire system, in each tire (pen) (24"×30"×18") five birds were housed. Each pen was provided with individual linear feeder (1.5 feet) and a plastic waterer (1.5 liter). The bottom of the floor was also made up of stainless steel wire mesh. An excreta tray was fitted under the wire floor to remove the excreta. Battery brooders were placed in an open sided house having optional curtains on both the sides to regulate the in house temperature. The brooder house temperature was maintained at 34±1°C up to 7 d of age and was gradually reduced to environmental temperature (27 to 33°C) by 21 d of age. Incandescent electrical bulbs were used in the brooders to provide the required temperature and light. Ground maize was provided ad libitum on day one and the respective experimental diets from 2 to 21 d of age. All the birds were vaccinated with HVT virus (Marek's disease) on day one, Lasota virus (Newcastle disease) on 8 th day and infectious bursal disease virus on 15 th day to protect them from these diseases.
Diets
Maize and soyabean meal were analyzed for Ca, total P (TP) and PP (Haugh and Lantzsch, 1983) . Dicalcium phosphate and oyster shell powder were analyzed for Ca and or P. NPP content in maize and soyabean meal was calculated by subtracting PP from TP. A basal diet was prepared to contain about 2,875 kcal ME (calculated), 23.1% crude protein, 0.159% Ca and 0.095% NPP ( Table 1) . The basal diet was supplemented with dicalcium phosphate and oyster shell powder to obtain two levels each of Ca (0.5 and 0.60%) and NPP (0.25 and 0.30%) in a factorial manner. Each combination of Ca and NPP was supplemented with four levels of CC (200, 1,200, 2,400 and 3,600 ICU/kg diet) in 2×2×4 factorial design with feed grade crystalline CC (Duphar Interfran, Mumbai, India). Each experimental diet was assigned at random to 7 battery brooder pens in a completely randomized design and the diets were fed ad libitum from 2 to 21 d of age.
Traits measured
Body weight gain and feed intake were recorded at weekly intervals by weighing all the birds in a pen and feed residue on an electronic weighing balance having one g accuracy. Feed conversion ratio was calculated, as feed required producing a unit body weight gain. The degree of leg abnormality was scored as 1 = normal hock joint; 2 = slight swelling of hock joint; 3 = marked swelling of the joint; 4 = marked swelling of the joint and slight slipping of the Achilles tendon and 5 = marked swelling and complete slipping of the tendon (Watson et al., 1970) . Three ml of blood was drawn from the brachial vein of a bird selected at random from each replicate on 21 st day of age. The sera were analyzed for Ca with an Atomic Absorption Spectrophotometer using 0.1% lanthanum chloride and inorganic P (Fiske and Subba Row, 1925) . Bone mineralization was assessed by measuring tibia weight, density (AG 285 Densitometer, Mettler-Toledo GmbH, Switzerland), breaking strength and ash content. At 22 days of age, seven birds from each treatment were randomly selected and sacrificed by cervical dislocation. Both the tibiae were freed from soft tissue. The dried (100°C/3 h) bone samples were defattened by extracting with petroleum ether for 48 h. The right tibia of each bird was used to determine the breaking strength (EZ Test, Shimadzu, Japan) with 3-point method, 40 mm as guage length and 5 mm velocity of the load cell per minute. Both tibiae of each bird were ashed together at 600±20°C/6 h in a microwave muffle furnace (BR 600521, Phoenix, CEM Corporation, USA). Clean excreta trays were placed under the wire floor 1 Additives contained (/kg -1 ): Zn = 60 mg; Mn = 55 mg; Fe = 38 mg; Cu = 4 mg; thiamin = 1 mg; pyridoxine = 2 mg; cyanocobalamine = 0.01 mcg; niacin = 1.5 mg; pantothenic acid = 10 mg; tocopherol = 10 mg; riboflavin = 10 mg; menadione = 2 mg; retinal acetate = 1,650 IU; monensin sodium = 0.5 mg. 2 Calculated based on the NPP content of individual feed ingredient.
of each pen on 20 th day of age and the total excreta voided in 24 hours by all five birds was collected from four replicates per treatment to estimate concentrations of Ca, P (AOAC, 1990), Fe, Mn. Zn and Cu (Atomic Absorption Spectrophotometer, Perkin Elmer, Analyst 100, Operation Manual).
Statistical analysis
Three-way factorial analysis was carried out following the Completely Randomized Design (Snedecor and Cochran, 1980) with levels of Ca, NPP and CC as factors. When the three-way interaction was not found significant, a two-way interaction was undertaken. The effects of individual factors were considered only when the interactions were not significant. Comparisons among means were made by the Duncan Multiple Range test (Duncan, 1955) . Contrast analysis was carried out to find out the effect of graded levels of CC on various parameters.
RESULTS
Body weight gain, feed intake, feed conversion ratio, tibia weight and leg abnormality score were not significantly (p>0.05) influenced by the three-way interaction among Ca, NPP and CC levels in diet (Table 2) . However, these parameters were influenced (p<0.05) by interaction between CC and NPP (weight gain, feed intake and tibia weight) and CC and Ca (feed conversion ratio).
The level of CC in diet significantly (p<0.05) influenced the leg abnormality score. The three-way interaction among these nutrients significantly influenced tibia density, breaking strength, ash content (Table 3) , serum Ca and inorganic P levels and excretion of minerals (Ca, P, Fe, Mn & Cu) (Table 4) except Zn, which was affected by the twoway interaction between Ca and NPP.
Production performance
Body weight gain and feed intake increased significantly (p<0.05) by increasing level of CC up to 2,400 ICU/kg diet at 0.25% NPP (Table 2) . However, at 0.30% NPP, improvement in these parameters was observed up to 1,200 ICU CC/kg diet. Further increase in the vitamin level did not show any additional benefits on these parameters at both levels of NPP. At 200 ICU CC/kg, weight gain increased significantly (p<0.05) due to increase in NPP from 0.25 to 0.30%, however, such an improvement was not observed at higher levels of CC in the diet (≥1,200 ICU/kg). The levels of Ca (0.5/0.6%) tested did not influence body weight gain and feed efficiency. In general, body weight gain, feed intake and feed efficiency improved non-linearly (p<0.01) due to increase in levels of CC in diet. At 0.50% Ca in diet, feed efficiency improved significantly with increases in CC to 1,200 ICU/kg, but further increase in CC level to 3,600 ICU significantly (p<0.05) reduced the feed efficiency, which was similar to those fed 200 ICU CC/kg diet (Table 2) . However, the feed efficiency was not affected due to variation in the CC level in the diet at 0.60% Ca.
Leg abnormality score and bone mineralization
The tibia density, weight and ash content were not increased (p>0.05) with the level of Ca in diet from 0.50 to 0.60%, suggesting that the lower level of Ca tested (0.50%) was adequate for optimum bone mineralization.
The leg abnormality score progressively and significantly (p<0.01) reduced (4.14, 2.64 and 2.28) with each incremental level of CC up to 2,400 ICU/kg diet. Increase in CC level beyond 2,400 ICU/kg diet did not further reduce the leg abnormality (2.094). Similarly, leg abnormality score reduced (p<0.01) significantly (2.906 vs. 2.669) by increasing the dietary Ca from 0.50 to 0.60%. The NPP levels tested did not influence the magnitude of leg abnormality in broilers.
The two-way interaction between NPP and CC significantly (p<0.05) affected tibia weight ( Table 2 ). The bone weight was significantly lower in groups fed the lowest level of Ca, NPP and CC (0.5%, 0.25% and 200 ICU/kg, respectively) compared to those fed 0.60% Ca, 0.30% NPP and CC≥2,400 ICU/kg. The bone weight in broilers fed other combinations of these nutrients was intermediate. In general, tibia density decreased and the bone ash content increased non-linearly (p<0.01), while tibia-breaking strength was not affected by increasing the levels of CC in diet from 200 to 3,600 ICU/kg (Table 3) . The density and ash content of tibia increased with dietary CC levels up to 2400 ICU/kg and further increase in CC level to 3,600 ICU/kg diet did not show any improvement. Though, the tibia breaking strength increased with CC level in diet, the difference was not significant at different Ca and NPP levels tested, except at 0.50% Ca and 0.30% NPP, where the tibia breaking strength was significantly (p<0.01) higher at 3,600 ICU/kg compared to 200 ICU CC/kg diet.
Serum Ca and inorganic P
At all combinations of CC and Ca tested, the serum Ca concentration increased significantly (p<0.01) by increasing dietary NPP content from 0.25 to 0.30% (Table 4 ). The concentration of serum Ca was maximum (16.68 to 17.33 mg/kg) in broilers fed 0.60% Ca and 0.30% NPP when compared to those fed other combinations of these two minerals at all levels of CC.
Mineral content in excreta
In general, the concentration of Ca in excreta increased linearly (p<0.01), while the P, Fe, Mn and Cu decreased non-linearly (p<0.01) with increase in CC levels in diet from 200 to 3,600 ICU/kg. Increasing the NPP content from 0.25 to 0.30% in diet, significantly reduced the Ca content in excreta at all levels of CC except at 200 ICU/kg (Table 4) . At the latter concentration of CC, Ca content in excreta increased significantly (p<0.01) with increase in P content in diet. At 2,400 and 3,600 ICU CC/kg diet, the Ca content in excreta was significantly (p<0.05) higher at lower levels of Ca and NPP tested, compared to those fed other levels of these minerals. At 0.25% NPP and 0.50% Ca, the Ca content in excreta increased significantly with increase in level of CC up to 3,600 ICU/kg. But, at 0.30% NPP and at both the levels of Ca, increasing the CC level from 200 to 1200 ICU/kg diet significantly (p<0.05) decreased the Ca content in excreta.
The P content in excreta was significantly (p<0.01) increased at higher Ca level compared to those fed low Ca diet at all levels of CC except at 200 ICU/kg. At 200 ICU CC and 0.50% Ca/kg diet, the excreta P content increased significantly with increase in NPP from 0.25% to 0.30% in diet. At 0.60% Ca, the variation in concentration of P in diet did not influence the P content in excreta. In general, the excretion of P decreased (p<0.01) non-linearly with increase in CC level in diet.
The level of Ca, NPP and CC tested did not influence the concentration of Zn in excreta (Table 4 ). The concentrations of Fe, Mn and Cu were significantly influenced (p<0.01) by the three-way interaction among Ca, NPP and CC in diet. The concentrations of Fe and Mn were higher at higher levels of Ca and NPP in diet. Excretion of Mn, Cu and Fe were maximum at 3,600 ICU CC/kg at 2:1, Ca and NPP ratio.
Economics
Reducing the levels of NPP from 0.30 to 0.25% equals a, b, c, d, e, f, g, h, I, j, k, l, m, n Means having a common superscript in a column do not vary significantly (** p<0.01, * P<0.05).
to 2.95 kg dicalcium phosphate per ton of feed, which amounts to $1.14 saving for one ton feed. Amount required for additional supplementation of CC need $0.33 per ton of feed. Therefore, by adopting this technology, the cost of boiler starter feed can be reduced to $0.81 per ton based on the present cost of CC and dicalcium phosphate.
DISCUSSION
The data on body weight gain and feed intake (Table 3 ) suggest that the levels of NPP can be reduced from 0.30 to 0.25% in diet, by increasing the CC level to 2,400 ICU/kg. The literature also suggests higher requirement of CC at sub-optimal levels of Ca and P in diet for optimum body weight gain and bone mineralization (Edwards, 1976; Mc Naughton et al., 1977; Baker et al., 1998) . A higher level of CC in the diet is known to stimulate hydrolysis of phytate (Shafey et al., 1991; Mohamed et al., 1991) by increasing the activity of intestinal phytase (Davies et al., 1970; Pointillart et al., 1985) , thereby improving the utilization of PP and Ca.
The levels of Ca and NPP used in the present study were considerably lower than the levels recommended for commercial broiler chicken (NRC, 1994) . The recent literature (Vogt, 1992; Sebastian et al., 1996; Sohail and Roland, 1999; Rama Rao et al., 2003a, b) also recommended lower dietary levels of NPP (0.26 to 0.325%) and Ca (0.60 to 0.76%) for broilers (up to 21-35 d of age) for optimum performance. Better utilization of minerals at their sub optimal levels in the diet might be responsible for obtaining optimum performance at the above levels tested (Rennie et al., 1995; Elliot and Edwards, 1997) . Sub optimal levels of Ca and NPP are also known to stimulate the CC metabolism, which in turn enhances utilization of Ca and P (Bar et al., 1978) .
The bone mineralization parameters in broilers fed 0.50% Ca and 0.25% NPP and 2,400 ICU CC/kg were either similar (bone density and bone breaking strength, p<0.01) or higher (bone ash content, p<0.01) compared to those fed the highest levels of these nutrients in the diet (0.60%, 0.30% and 3,600 ICU/kg, respectively). These results thus indicated that for optimum bone mineralization, 0.50% Ca and 0.25% NPP were adequate in broiler starter chicks fed diet containing 2,400 ICU CC/kg.
The severity of leg abnormality decreased (p<0.05) with increase in CC from 200 to 2,400 ICU/kg diet. Increasing dietary CC content significantly improved weight and ash content of tibia at majority of Ca (p<0.01) and NPP (p<0.05) levels tested. Increased tibia density with increase in levels of CC also support the reduced incidence (p<0.01) of leg abnormalities with increasing CC concentration in diet.
The lack of response to variation in Ca and NPP levels on tibia mineralization parameters at the higher level of CC (2,400 ICU/kg diet) tested (Table 3) suggest adequacy of lower concentrations of Ca and NPP tested for bone mineralization at 2,400 ICU CC/kg diet. Increasing the levels of CC up to 2,400 ICU/kg diet reduced (p<0.05) the incidence of leg abnormality and increased body weight gain similar to those fed the highest levels of Ca, NPP and CC (0.6%, 0.3% and 3.600 ICU CC/kg diet, respectively). On the contrary, Cruickshank and Sim (1987) and Lofton and Soares (1986) reported higher incidence of leg abnormality at higher levels of CC (800 to 4,000 ICU/kg) in diets containing recommended levels of Ca and P. Lack of such ill effects at higher levels of CC used in the present study on leg abnormality may be due to the sub-optimal levels of Ca and NPP used in the present study. At optimal levels of Ca and NPP (1.0 and 0.45%, respectively), the surfeit levels of CC in diet might have exerted toxic effects through hypercalcemia and hyper phosphatemia. Similarly, other authors (Waldroup et al., 1965; Meixner et al., 1979; Biehl and Baker, 1997; Baker et al., 1998) have also reported beneficial effects of supplementing higher levels of CC on broiler performance when fed sub optimal levels of Ca and P.
In general, the serum P level increased significantly (p<0.01) by increasing the level of CC at all combinations of Ca and NPP tested, except at 0.60% Ca and 0.25% NPP. The concentration of P in serum was significantly increased irrespective of CC level when the ratio between Ca and NPP was 2:1 compared to those fed disproportionate ratios (> or <2) of these minerals. Better utilization and absorption of Ca and P at 2:1 ratio (Underwood, 1981; Georgievskii et al., 1982; Rama Rao et al., 2003a; 2006) might have resulted in higher concentrations of these minerals in serum.
The higher levels of NPP and CC in the diet might have a beneficial effect on the utilization of Ca and P, respectively, as reflected in higher concentrations of the respective mineral in serum (Table 4) . Reduced excretion of Ca with increase in dietary NPP level suggested better utilization of Ca at lower Ca and NPP ratio and at CC ≥ 1,200 ICU/kg diet. Supplementing additional levels of CC might have increased the utilization of dietary P, which was evident in reduced the mineral content in excreta. Reduced excretion of P in birds fed metabolites of CC was also reported (Biehl and Baker, 1997) . At sub optimal levels of CC, the utilization of Ca might be lower and further increase in NPP resulted in wider Ca and NPP ratio with a consequent rise in excretion of Ca (Table 4) , perhaps due to formation of calcium phosphate in the gut.
Excretion of Fe and Mn was higher at higher levels of Ca and or NPP in diet, probably due to inhibitory effect of these minerals on absorption of trace minerals (Underwood, 1981; Georgievskii, 1982) . The concentration of Fe, Cu and Mn, particularly at the highest level of CC (3,600 ICU/kg) showed maximum excretion at 2:1 Ca and NPP ratio, contradicting the popular assumption of 2:1 as the ideal Ca and NPP ratio for mineral utilization. At 2:1 Ca and NPP ratio, the utilization of these two minerals in chicken is known to be maximum and therefore, the possibility of their interference with utilization of trace minerals was less at 2:1 Ca and P ratio (NRC, 1980) . The contradictory findings of the present study may be due to the sub-optimal levels of Ca and NPP used in the present study. The literature indicates increased utilization of trace minerals (Baker and Halpin, 1988; Biehl et al., 1995) with CC metabolites in diet. However, further studies are required to determine the specific effect of varied levels of Ca and NPP on trace mineral utilization.
Based on the results, it could be concluded that the dietary NPP levels can be reduced from 0.30 to 0.25% without affecting the weight gain, leg abnormality score, bone mineralization and mineral retention at 0.50% Ca by increasing dietary CC to 2,400 ICU/kg diet with a net saving of $0.81 per ton of feed. Excretion of P and Mn also decreased at 2,400 ICU/kg diet than at 200 ICU/kg diet.
